INTRODUCTION
Macrophytes play an important role in the functioning of water reservoirs (Coops 2002 , Kufel&Kufel 2002 , van Donk&van de Bund 2002 . While inhabiting the littoral zone, they form a universal barrier that protects reservoirs from the inflow of organic and non-organic substances. They directly influence the fertility of lakes by absorbing biophilous elements, as well as by transporting and accumulating them in plants, and then by releasing them when decaying (Gumbricht 1993 , Søndergaard et al. 1996 . Through macrophytesperiphyton complexes, they bring about circulation of elements between organisms (Pieczyńska 1988) . Macrophytes can also influence the fertility of waters indirectly, changing the structure of bottom sediments and the chemical composition of interstitial water. Moreover, the submerged vegetation improves the oxygenation of water and bottom sediments via root oxygen release, which induces the immobilisation of phosphoric compounds and the inhibition of eutrophication processes. Macrophytes are essential for water protection programs due to their filtering functions, and in the programs aiming at reclamation of water reservoirs connected with changes in the trophic structure of ecosystems (Pieczyńska 1993 , Roelofs et al. 2002 , Haterd&Heerdt 2007 .
Macrophytes perform an important function in biomanipulation processes whose long-lasting positive effects depend on the development of submerged vegetation (Hansel-Welch et al. 2003 , Lauridsen et al. 2003 . The latter one influences the water purity and transparency (Kufel&Kufel 2002 , van Donk&van de Bund 2002 , reduces phytoplankton biomass (by allelopathy and by providing shelter for zooplankton that feeds on phytoplankton), as well as reduces the amount of sediments suspended in the water (Jeppesen et al. 1990 , Strand&Weisner 2001 , Lauridsen et al. 1994 , 2003 , Gross et al. 2003 . Macrophytes are crucial for the periphyton biomass and its species composition, because they form the mechanic substratum for these organisms and provide them with biophilous elements.
Spatial structure and biomass of submerged macrophytes is determined by numerous factors, e.g. the latitude, lake morphometry, littoral slope gradient, the type of sediments, water transparency, light access and temperature (Rooney&Kalff 2000) . Important too is the influence of such living organisms, as phytoplankton, invertebrates and fish, which are connected with macrophytes by common habitat and food, and which can influence the development, the species composition and the dynamics of submerged vegetation (Jeppesen et al. 1990 , Lauridsen et al. 1994 , van Donk&van de Bund 2002 , Hansel-Welch et al. 2003 .
Due to disturbances in habitat conditions, aquatic vegetation is relatively dynamic. Quantitative changes and spatial diversity of macrophytes in water ecosystems help to understand their functioning and the mechanisms responsible for their stability. The aim of this study is to present short-term changes in the spatial structure of aquatic vegetation in Lake Rotcze.
MATERIALS AND METHODS

Study area
Lake Rotcze is located within the Łęczna-Włodawa Lakeland. Its area is 42.7 ha, maximum depth -4.3 m and its volume 826,000 m 3 . The shape of the lake resembles a circle and the shoreline (2449 m long) development coefficient is 1.06. Lake Rotcze is characterized by a number of extremely unfavourable morphometric features (small depth and volume, no stratification) and is highly susceptible to degradation. The total area of its catchment area is 157.2 ha and the Ohle coefficient is 3.43 (Furtak et al. 1998) . Lake waters are heavily influenced by arable fields, which constitute 26.2% of the lake's catchment area. From the north and from the west, the reservoir is surrounded with waterlogged grounds, mainly meadows and pastures occupying one third of the catchment area. The contribution of forests does not exceed 10%. Part of the sandy shoreline is used for recreational purposes.
Field studies
Field studies were carried out in the growing seasons of 2000 and 2005. In order to determine the distribution and spatial structure of submerged macrophytes, 8 transects were drawn across the lake next to its centre, evenly distributed along the whole shoreline. In each transect, at sites located 10 m away from each other, starting with the zone of rushes, the depth of the reservoir was measured and the following parameters were determined: the percentage vegetation cover for particular ecological groups of macrophytes (charophytes, elodeids and nymphaeids), the quantity of species from the aforementioned groups (according to the 11-grade scale), the vertical range of vegetation, and the thickness of vegetation layers for particular groups. Particular degrees described the following ranges of the vegetation cover: + -up to 5%, 1 -6-10%, 2 -11-20%, ...10 -91-100%. During the first research period, the data from 285 study sites was collected; during the second onefrom 234 sites. The obtained results allowed to estimate the following parameters that characterize the spatial structure of macrophytes: species frequency in particular ecological groups, the average vegetation cover in these groups, the average cover of particular species, both in the whole reservoir and in different depth ranges, and the PVI (Percent Volume Infested) coefficient for ecological groups (Canfield et al. 1984) . The PVI coefficient value was determined according to the following formula:
where h -the height of the plant layer, p -vegetation cover, g -the depth of the reservoir at the study site.
The PVI coefficient is used in the methods of the Water Framework Directive for the evaluation of ecological conditions of lakes (Moss et al. 2003) . The comparison of the data obtained during two study seasons allowed to determine the character and tendencies of changes in the submerged vegetation of the reservoir.
RESULTS
Lake Rotcze is a habitat for 16 species of aquatic plants from three ecological groups: charophytes, elodeids and nymphaeids. The Charophyta group consists of four species of charophytes, although only one of them, Chara fragilis, was observed during both study periods. The contribution of this species in 2000 reached 90% and within 5 years decreased to about 70% (Fig. 1) . C. hispida was observed only in 2000, while C. tomentosa and C. intermedia only in 2005. This fact does not prove, however, that they had not been present in Lake Rotcze previously. It merely shows that they had not been observed at the study sites of the first study period. The highest number of species was observed in the group of elodeids. They were represented by Elodea canadensis, Stratiotes aloides, Ceratophyllum demersum, Myriophyllum spicatum, Potamogeton lucens, P. pectinatus, P. crispus, P. rutilus and P. compressus. The most frequent species included E. canadensis and S. aloides whose contribution in both study periods exceeded 50%, although it decreased by 10%. for the latter species Worth noting are M. spicatum, which increased its frequency by 50%, and P. pectinatus, whose frequency was reduced from 30% to almost none. The frequency of C. demersum, P. lucens and P. rutilus increased almost two times during 5 years. In 2000, the most rare species was P. crispus, which in 2005 was not recorded at all. The group of nymphaeids consisted of 3 species: Nymphaea alba, Nuphar lutea and Potamogeton natans. The contribution of N. alba increased by 40%, while the remaining two species, although still present in the lake, were not found at the study sites in 2005.
Macrophytes cover almost the entire lake bottom, except for some rare places where their presence was not recorded. The greatest changes in their average cover were observed in the case of charophytes, for which it increased by 15% (Fig. 2) . In the group of elodeids, the average vegetation cover was slightly reduced to about 40%. Nymphaeids had the lowest value of this parameter, and the main reason for their poor development is a relatively steep slope of the littoral zone.
The vegetation dynamics is reflected in the changes of average cover of particular species observed over 5 years (Fig. 2) . During the first study season, among charophytes, Chara fragilis had the highest cover reaching 54%. It was 15% lower than in 2005. The remaining Charophyta species, Chara intermedia and C. tomentosa, had the average cover exceeding slightly 25%. Among the elodeids, the highest decrease in the cover was observed for E. canadensis. While previously, it had reached almost 40%; during 5 years it decreased almost three times. The value of this parameter decreased also in the case of P. pectinatus. The average cover of S. aloides and C. demersum increased by about 10%. The remaining species of elodeids played a minimal part in the species composition of the vegetation. In 2000, among the nymphaeids, Nymphaea alba was the dominating species, the contribution of which was four times higher than the contribution of N. lutea. The lowest value of this parameter was recorded for P. natans. During 5 years, the cover of N. alba decreased almost five times, and the remaining two species were not found at the study sites in 2005.
The average vegetation cover of particular groups changes together with the depth of the lake. Three depth ranges were distinguished in the study: 0-1.5 m, 1.5-3.0 m, and over 3.0 m. The considerable decrease of the water transparency was the reason for the absence of charophytes and elodeids within the third depth range in 2005 (Fig. 3) . Nymphaeids appeared only within the first range, up to 1.5 m deep. During the both study seasons, the Charophyta species were most numerous within the first range, and their contribution decreased evidently together with the depth increase. Among the elodeids, minimal changes in the vegetation cover were observed within the ranges up to 3 m deep, while in the deepest parts of the lake, plants from this group were observed only in 2000 with their cover reaching about 80%.
Another parameter describing the changes in the spatial structure of macrophytes is the PVI coefficient. For charophytes and elodeids this value increased by 12% and 4%, respectively, whereas in the case of nymphaeids, a considerable decrease was observed (Fig. 4) . During 5 years, the PVI values changed also for particular plant species. In the case of C. Fragilis, it decreased from 24% to 12%. The group of elodeids presented diverse tendencies. In 2000, the highest value was observed for E. canadensis (23%), while the lowest onefor P. crispus (2%). After 5 years, the highest PVI value (32%) was recorded in the case of S. aloides, and the lowest one for P. lucens (5%). In the case of Nymphaea alba, the average value of this parameter increased by 20%.
DISCUSSION
The spatial structure and species composition of submerged vegetation are regarded as an indication of ecological conditions in lakes' (Jeppesen et al. 1998 , Moss et al. 2003 . A clear increase in the trophy of the reservoir results in the decrease of the species diversity and the development of macrophytes (Blindow 1992 , Jeppesen et al. 2000 .
According to the hypothesis of stable alternative states, lake ecosystems may have two states of equilibrium: one characteristic of clear waters with great transparency dominated by macrophytes, and the other one with considerably opaque waters dominated by phytoplankton (Scheffer et al. 1993 , Scheffer 1998 . Following this hypothesis, Lake Rotcze is classified as a macrophyte reservoir (Kornijów et al. 2002) . The waters of the lake contain large amounts of total phosphorus and chlorophyll a, and the development of submerged macrophytes is very advanced.
In shallow eutrophic reservoirs, the range of macrophytes and their spatial structure is determined by a number of factors (Blindow 1992) . The conducted research presents changes in the vegetation cover within particular depth ranges of Lake Rotcze. The cover slightly increased in its most shallow parts (with the exception of nymphaeids), but within the medium range (1.6-3.0 m) it was considerably lower. At present, macrophytes basically do not appear below the level of 3 m. Their disappearance results from the decrease in water transparency, which in turn can be connected with the increased trophy of the reservoir. A similar reaction of submerged vegetation to changes in the water fertility was observed in numerous reservoirs (Blindow 1992a, b; Jeppesen et al. 1998; Solińska-Górnicka&Symonides 2001 , Strand&Weisner 2001 , Lauridsen et al. 2003 Capers 2003) . The changes in the spatial structure of macrophytes, observed during 5 years, might be considered as a temporary fluctuation, but they might also indicate a gradual transition from the state of dominance by macrophytes to the dominance by phytoplankton.
